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(57) Abstract 

A process is provided for control of particle size in a fluid bed reactor for pyrohydrolysis of metal chlorides. The process involves 
adding a seed material to the bed wherein the addition rate of the seed material is defined by the equation: SR « DR x BSP/(SSP - BSP) 
wherein SR = seed addition rate, DR = metal oxide deposition rate, BSP = specific population of the bed material greater than 50 microns 
in size, and SSP - specific population of the seed material greater than 50 microns in size. 
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TITLE 

PARTICLE SIZE CONTROL IN 
PYROHYDROLYSIS OF METAL CHLORIDES 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an improved process for the production of 
metal oxides from metal chlorides by fluid bed pyrohydrolysis. In particular, the 
present invention provides a method to control particle size in the fluid bed. 

10 Description of the Related Art 

Fluid bed pyrohydrolysis is a known technique practiced commercially, 
for example, for regeneration of HC1 in pickle liquors arising from cleaning of 
hot-rolled steel. In this process, metal chlorides are thermally decomposed in the 
presence of water to form metal oxides and hydrogen chloride. The metal oxides 
15 predominantly deposit on the particles of the fluid bed. Pyrohydrolysis has 
advantages over other techniques such as spray roasting in that it produces a 
granular, abrasion-resistant, dust-free metal oxide with low residual chloride 
content. 

It is well known that one of the most important problems in fluid bed 
20 pyrohydrolysis is particle size control. Coarsening of the bed material due to 
continuous metal oxide deposition requires active particle size control to avoid, 
for example, the need to shut down the process to replace the contents of the bed. 
Coarsening of the bed may lead to dust formation which can cause downstream 
problems such as plugging of absorbers and scrubbers and potential environmental 
25 problems if the dust escapes to the atmosphere. When the metal oxide is iron 
oxide, the dust is known as "red dust". Red dust is comprised of fine particulate 
iron oxide. 

It is desirable to have a method to control particle size with minimum 
effort of monitoring and maximizing operation time of the reactor, limiting need 
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to shut down to replace the contents of the bed. Improvements in particle size 
control will positively impact metal oxide product quality, fluidization of the bed, 
combustion of fuel, metal oxide deposition behavior, and energy efficiency of the 
process. 

5 Previously studied methods for controlling particle size in fluid bed 

reactors include: operation of the bed under reducing conditions; use of a feed 
lance position above the bed; use of expanded freeboards. It is also known to add 
fine seed particles. 

One particular method of particle size control is to collect the product from 
10 the bed, screen the product for fines and return this material to the bed. If a 

screening step is omitted, a crushing step may be needed. However, this method 
tends to involve high maintenance, needing considerable attention by operators. 
Further, this method is a temporary solution and can lead to frequent shutdown 
and/or intermittent operation due to coarsening of the bed. 

15 Cyclones have been used to collect finely divided metal oxides (dust), 

known as "cyclone fines", which have been blown out of the reactor. This 
material, cyclone fines, can be recycled to the reactor. This recycle improves 
conditions but does not achieve total control of particle size of the bed. 

While it is known to add seed materials in pyrohydrolysis of metal 
20 chlorides, heretofore trial and error has been the basis for control of the addition of 
seed material. Unfortunately these methods have not fully succeeded in control of 
particle size. Eventually, the particles in the bed become too large, there is 
insufficient surface area for newly formed metal oxide particles to deposit, dust is 
generated, and the bed contents need to be dumped, causing loss of production, 
25 increase in fuel usage, and increase in manpower demands. 

There remains a need therefore, in pyrohydrolysis, for a method to control 
particle size which overcomes the disadvantages of those methods presently 
known in the art. This invention meets this need. 
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SUMMARY OF THE INVENTION 

The present invention provides in a process for pyrohydrolysis of metal 
chlorides in a fluid bed reactor comprising particulate bed material, to form 
hydrogen chloride (HC1), metal oxides which deposit on the bed material, and fine 
5 particulate metal oxides which are exhausted from the reactor, wherein the fine 
particulate metal oxides are collected and recycled to the reactor, the improvement 
comprising the steps of: 

(a) selecting a target specific population of the bed material, wherein 
the target specific population is within the range of 7.60 x 10 7 to 

10 1 .77 x 1 0 6 particles per kilogram; 

(b) selecting a metal chloride addition rate to the reactor; 

(c) determining rate at which the metal oxides deposit on the bed 
material, based on the metal chloride addition rate; and 

(d) adding a seed material to the bed wherein the seed material has a 
1 5 specific population of not less than 1 .40 x 1 0 7 particles per 

kilogram, and wherein the seed addition rate is defined by 

BSP 



SR = DR x 



(SSP - BSP) 



wherein SR = seed addition rate, DR = metal oxide deposition rate, 
BSP = specific population of the greater than 50 micron bed 
20 material, and SSP = specific population of the greater than 50 

micron seed material, 

whereby the specific population of the bed is controlled within the range of about 
7.60 x 10 7 to about 1.77 x 10 6 particles per kilogram. 

The process of this invention provides means to control particle size in a 
25 fluid bed in the pyrohydrolysis of metal chlorides. This method allows for either 
increasing or decreasing the particle size of the bed so as to maintain the specific 
population, and therefore, the average (or mean) particle size of the bed within a 
predetermined range or at a predetermined value. Preferably, the specific 
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population is 7.60 x 10 7 to 1.77 x 10 6 particles per kilogram which corresponds to 
an average mean size of the particles of the bed material of about 200 to 
600 microns. This invention also provides means to correct the particle size of the 
bed material in the event the bed has been over or under-seeded. 

5 The seed material is comprised of solids which are typically inert under 

process conditions. The particle size of the seed material may range from less 
than 25 microns up to about 400 microns, with the majority of particles in the 
range of 45 to 180 microns. Preferably the seed material has an average particle 
size of 50 to 180 microns. The seed size corresponds to a specific population of 

10 not less than 1.40 x 10 7 particles per kilogram, preferably, to specific populations 
of 1.52 x 10 9 to 6.62 x 10 7 , if the mass fraction of seed is distributed normally 
around the mean and the standard deviation of the seed is 5 microns. The seed 
material may comprise small particles (less than about 50 microns in size) which, 
while they are unlikely to function as seed, may become incorporated into the 

15 layers of metal oxide as the layers form on the seed and/or growing particle. 

In one particular embodiment of the present invention, the source of metal 
chlorides is an aqueous metal chloride solution such as is produced by 
hydrochloric acid pickling of metals. A particular example is hydrochloric acid 
pickling of steel to remove oxides from the surface in order to make further 
20 treatment such as galvanizing possible. Such solutions, conventionally known as 
pickle liquor, typically comprise 1 0-26% iron chloride, mainly as ferrous chloride, 
with some ferric chloride and 0.5-10% HC1. 

In an alternative embodiment, the metal chlorides are byproducts from the 
chloride process for making pigmentary Ti0 2 . In this process, titanium bearing 

25 material or ore is chlorinated to produce TiCl 4 and other metal chloride 

byproducts. Subsequently, the TiCl 4 is separated from the byproducts and is 
oxidized to pigmentary Ti0 2 . The metal chloride byproducts are highly acidic, 
typically having a pH of 0 or less and often contain iron chlorides as the major 
metal chloride present. Advantageously, when the metal chlorides are byproducts 

30 from a Ti0 2 process, the metal chlorides will contain particulate coke. The 
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particulate coke reacts under pyrohydrolysis process conditions which reduces the 
amount of fuel required to operate at the desired reaction temperatures. 

It has been surprisingly found that particle size control in a fluid bed for 
metal chloride pyrohydrolysis can be achieved by combining recycle of cyclone 
5 fines and addition of a seed material comprising inert solids, wherein the addition 
rate of the seed material is based on the particle size distribution of the bed 
material, the metal oxide deposition rate based on the metal chloride addition rate, 
and the particle size distribution of the seed material. This provides the following 
advantages over present practice: 

10 ( 1 ) Prevention of the dust phase which fouls downstream equipment 

causing shutdowns for equipment clean-out and production losses. 

(2) Prevention of shutdown to dump and recharge the bed resulting in 
production losses and which reduces the life of the reactor, 
particularly, refractory material in the reactor. 

15 (3) Reduces potential for out of specification metal oxide product 

particles which may occur when the bed particles become too large 
or too small. 

(4) Reduces potential for off-quality product HCl due to dust carryover 
into the HCl product. 

20 (5) Reduces potential for particulate emissions if downstream scrubbers 

are overwhelmed or fail due to the presence of dust. 

(6) Reduces potential for extremely high blowover rates which may 
occur when the average bed particle size gets too small or too much 
seed is added. 

25 (7) Reduces potential for cyclone downleg pluggage which may occur 

when blowover rates are too high. 

The iron oxide produced in the process of this invention has many uses, 
for example: 

(1) Raw material for ferrite production. 
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(2) Coloring agent in paint and cement industries. 

(3) Weighing agent for production of heavy concrete. 

(4) Reagent in the manufacture of refractories. 

(5) Raw material for the iron industry. 

5 BRIEF DESCRIPTION OF THE FIGURE 

Figure 1 is a graph depicting the relationship between the ratio of the 
addition rate of seed material to the rate of deposition of metal oxide and the 
particle size distribution of the seed material in particles per kilogram. The area 
within the boundaries defines the operating area to control particle size in a 
10 process for pyrohydrolysis of metal chlorides in a fluid bed. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides in a process of pyrohydrolysis of metal 
chlorides, wherein the pyrohydrolysis is performed under stoichiometric or 
oxidizing conditions, a method to control particle size of the fluid bed by the 
15 combination of recycle of cyclone fines and addition of a seed material comprised 
of inert solids wherein the addition rate of the seed material is based on particle 
size distributions of the bed material and of the seed material, and the metal oxide 
deposition rate, based on the metal chloride addition rate. 

Pyrohydrolysis Process 

20 Pyrohydrolysis of metal chlorides is a well known process by which metal 

chlorides are thermally decomposed in the presence of water to form metal oxides 
and HC1. A good review of the process, history, and numerous parameters can be 
found in "Chloride Pyrohydrolysis", by E. M. L. Peek, Ph. D. Thesis, Technical 
University Delft, 1996, the teachings of which are incorporated herein by 

25 reference. This work frequently identifies particle size control in the fluid bed as 
one of the most important problems in the pyrohydrolysis process. The present 
invention provides a method for particle size control. 
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In the present invention, metal chlorides undergo pyrohydrolysis to form 
metal oxides and hydrogen chloride in a fluid bed reactor. The present invention 
is applicable to treating metal chlorides wherein the metal is selected from the 
group comprising iron, nickel, cobalt, manganese, chromium, silicon, titanium, 

5 magnesium, arsenic, antimony, or mixtures thereof The metal chlorides can be a 
number of process-related streams, but in particular, the metal chlorides are by- 
product streams such as those arising from pickling of steel, (i. e., pickle liquor) 
and manufacture of Ti0 2 by the chloride process. The metal chlorides can be in 
solution, slurry or solid form. It may be advantageous to have the metal chlorides 

10 in solid form so as to increase capacity of the reactor at a constant velocity with 
only the water necessary for reaction to be added. 

The metal chlorides may need to undergo some pretreatment prior to 
introduction into the reactor. In particular for the pyrohydrolysis of pickle liquor, 
this pretreatment may involve removal of some water so as to increase the metal 
15 concentration and reactor capacity. Other pretreatment methods may include 
filtration or other separation techniques. 

The metal chlorides are introduced into the reactor through one or more 
feed lances. By feed lance it is meant to include any means to introduce metal 
chlorides into the reactor. The position of the feed lance is not critical to this 
20 invention. Any standard feed lance location such as at the bottom, top, or side 
(either above or below the surface of the bed), can be used. 

The reactor is operated at a temperature of 600-1 000°C. Temperature is 
maintained by combustion of a carbonaceous fuel with an oxygen-containing gas, 
typically air, both of which are fed to the bottom of the reactor. The carbonaceous 
25 fuel can be gaseous, e. g., natural gas; liquid, e. g., oil; or solid , e. g., coal. In this 
invention, the reactor is operated with at least a stoichiometric amount of oxygen 
present. Preferably the reactor is operated under oxidizing conditions with excess 
oxygen, more preferably with 5-10% excess oxygen. 

When the metal chlorides are byproducts from a Ti0 2 manufacturing 
30 process, they may advantageously comprise unreacted particulate coke from a 
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chlorination process of titanium bearing materials. The presence of particulate 
coke in the metal chloride feed can provide a portion of the fuel required for 
maintaining temperature in the pyrohydrolysis process. For metal chlorides 
containing particulate coke, it is preferred to have the feed lance position in the 
5 bottom of the reactor so as to maximize consumption of the coke. 

Upward movement of the combustion gases as well as other reactants and 
product provide fluidization means for the bed. Fluidization provides the means 
for mixing of the reactants such that thermal hydrolysis of the metal chlorides 
occurs to form metal oxides and hydrogen chloride. 

10 Bed Material 

The fluid bed is comprised of particulate bed material which is typically 
comprised of metal oxide particles which may be the same metal oxides as the 
product metal oxides or other metal oxides which are inert under process 
conditions. The particulate bed material should have a particle size distribution 

15 such that the specific population is in the range of 7.60 x 10 7 to 1 .77 x 10 6 
particles per kilogram. This range of specific population corresponds to an 
average mean particle size of from about 200 to about 600 microns in a normal 
distribution and with a standard deviation of 40. At this particle size the bed 
operates efficiently in terms of providing sufficient surface area for product metal 

20 oxide to deposit thereupon. 

The metal chlorides react in the bed to provide metal oxides and hydrogen 
chloride. The metal oxides predominantly deposit on the particulate bed material. 
There is within the bed means to remove particles such that the particles do not 
become too large so fluidization ceases. The means to remove particles can be 
25 through a bottom outlet or side overflow, etc., means known in the art. 

The particle size distribution of the bed particles can be determined by any 
conventional method such as sieving the sample through a series of screens or by 
light scattering electronic devices that are well known in the art, preferably by 
sieving the sample through a series of screens and weighing the particles retained 



-8- 



WO 99/61370 




PCTAJS99/11551 



on each screen. It is convenient in the present invention to measure the particle 
size distribution of the bed particles prior to start-up of the process, calculating the 
specific population of particles larger than 50 microns and using specific 
population as the basis for particle size control in the process of this invention. 
5 Alternatively, the bed particle size distribution and specific population can be 
determined after start-up, so long as bed particle size distribution is within the 
range of a specific population of 7.60 x 10 7 to 1.77 x 10 6 particles per kilogram 
(200 to 600 microns). 

Cyclone Fines 

10 A portion of the metal oxides produced do not deposit on the bed particles 

and are carried from the reactor with the exhaust gases. These are fine particles of 
metal oxides which leave the reactor with the exhaust gas and are collected 
downstream, typically in a cyclone, and are known as cyclone fines. In the 
present invention once the cyclone fines are collected, they are returned to the 

15 reactor directly from the cyclone, for example, by a cyclone downleg or a 

standpipe, to act as seed material on which newly formed metal oxide can deposit. 
The cyclone fines typically are comprised of metal oxide particles ranging in size 
from less than 25 microns to 300 microns in size. Preferably the cyclone 
efficiency is high, especially greater than 98% in returning exhausted fine 

20 particles to the bed. 

Seed Material 

In the present invention in addition to the cyclone fines, a seed material is 
added to the reactor. This seed material is comprised of inert solids which are 
typically metal oxides that are the same metal oxides as the product or other metal 

25 oxides or materials which are inert under process conditions. Examples of metal 
oxides which can be added as a seed material include iron oxide (hematite and/or 
magnetite), silica, titanium dioxide, zircon sand, zirconia, silicates, mineral sands, 
alumina, slag materials from steel mills, and mixtures thereof. The seed material 
should have a specific population of not less than 1.40 x 10 7 , or preferably range 

30 from 1 .52 x 1 0 9 to 6.62 x 1 0 7 particles per kilogram. The particle size may range 
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from less than 25 microns to 400 microns, with an average mean particle size of 
50 to 300 microns, preferably 50 to 180 microns. 

When the metal chlorides are from a byproduct stream from a chloride 
process for manufacture of Ti0 2 , the metal chlorides may themselves comprise 
inert solids due to ore blowover from the Ti0 2 process which can act as seed 
material. Accordingly, the seed material will comprise titanium dioxide and 
silica. 

The seed material can be added to the reactor through any of the feed 
lances available. Position of the feed lance is not critical and any conventional 
feed lance position can be utilized. The seed material can be added as a slurry 
wherein the inert solids are dispersed in a liquid, most typically water, or as a 
solid. Preferably the seed material is combined with the metal chlorides as a 
single stream. 

The seed material is added to the reactor at a rate which is based on the 
specific population of the bed material, which can be determined prior to reactor 
start-up; metal oxide deposition rate, which is based on the metal chloride addition 
rate; and the specific population of the seed material. The metal chloride addition 
rate is based on reactor design and industry know-how. Specifically, the metal 
chloride addition rate is set by the effectiveness of the feed lances at dispersing the 
metal chloride into the hot reactor bed so as not to cause localized overcooling in 
the bed. The metal oxide deposition rate is determined from the metal chloride 
addition rate. This is done by calculating the amount of metal oxides generated 
using reaction stoichiometry. Each metal chloride is assumed to be fully 
converted to its most stable fully oxidized state. 

The steady-state relationship is defined in equation 1 which serves as the 
basis for particle size control in the fluid bed reactor: 



SR = DR x 



BSP 



(1) 



(SSP - BSP) 
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wherein SR = seed addition rate, typically measured in kg/hr; DR = metal oxide 
deposition rate, typically in kg/hr; BSP = specific population of the bed material, 
typically measured in particles/kg; and SSP = specific population of the seed 
material, typically measured in particles/kg, whereby the average particle size of 

5 the bed material is maintained in the range of about 200 to 600 microns, 
corresponding to specific populations of 7.6 x 10 7 to 1.77 x 10 6 particles per 
kilogram, respectively. Specific population is defined herein to mean the number 
of particles, bed particles or seed particles, greater than 50 microns in size, per 
kilogram of total bed or seed material. Alternatively, equation 1 can be written as 

10 equation 2 which provides a 



relationship between the ratio of seed addition rate to metal oxide deposition rate 
and the specific populations of the bed material and the seed material. The range 
of average particle size of the seed material and the ratio of seed rate to deposition 
15 rate are such that they maintain the bed material within the range of specific 

population of 7.60 x 10 7 to 1.77 x 10 6 particles per kilogram or an average mean 
particle size range of 200 to 600 microns during the transient period before 
steady-state is achieved. 

Description of Figure 

20 Figure 1 is a graph of seed material particle size (in terms of specific 

population) versus seed to deposition ratio (the ratio of seed addition rate to metal 
oxide deposition rate, metal oxide deposition rate being based on metal chloride 
addition rate). Boundaries or limits define an operating area which permits 
control of particle size in the fluid bed. The operating area is defined by regions 1 

25 and 2, 1 being preferred, 2 not being preferred, but acceptable within the 

parameters set for control of particle size. The regions outside of the operating 
areas 1 and 2 are those which present difficulties for controlling particle size in the 
fluid bed, or represent undesirably costly operating conditions. 



SR 
DR 



(SSP - BSP) 



BSP 



(2) 
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Region 3 is defined by the lower limit of seed material particle size, an 
average particle size of the seed material of 50 microns with a standard deviation 
of 5, corresponding to a specific population of 1.52 x 10 9 particles per kilogram. 
(Note that the specific population is inversely related to particle size so that this is 
5 the upper limit of specific population of seed material.) In region 3, the particles 
of seed material are too small to act effectively as seed. Such particles may 
become incorporated into the coating of growing bed particles. Small seed 
particle size leads to higher cyclone recycle rates due to high blowover. 

Region 4 is defined by the lower limit of bed material particle size, 
10 average bed material particle size of 200 microns with a standard deviation of 40, 
corresponding to a specific population of 7.60 x 10 7 particles per kilogram. 
Below this particle size, in region 4 of the Figure, there will be high blowover of 
the bed particles which need to be recycled through the cyclone. 

Region 5 is defined by the upper limit on seed to deposition ratio. This 
15 limit is set by process economics. The cost of the seed and the resulting product 
quality will dictate the allowable addition rate of seed. In region 5, high seed to 
deposition ratio results in high operating costs. This ratio is typically less than or 
equal to 0.3, or otherwise stated, the seed addition rate is not greater than 30% of 
the rate at which the metal oxides deposit on the bed particles. Higher seed rates 
20 also impose a higher heat load on the system. 

Region 6 is defined by the upper limits of seed material particle size and 
bed material particle size. The upper limits of seed and bed particle sizes are set 
by the desired transient and steady-state bed particle sizes which prevent dust 
formation (red dust when the metal is iron). For the seed particle size, this limit is 

25 300 microns with a standard deviation of 5 which corresponds to a specific 

population of 1.40 x 10 7 particles per kilogram. For the bed particle size the upper 
limit is 600 microns with a standard deviation of 40, corresponding to a specific 
population of 1 .77 x 10 6 particles per kilogram. The steady-state relationship of 
equation 1 or 2 requires that the seed size must be less than the bed size to obtain a 

30 valid solution. In region 6, bed particle size is too large to provide sufficient 
surface area for deposit thereon of product metal oxide. 
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Control Strategies 

The steady-state relationship for addition of seed material is defined in 
equation 1, above. From this equation, with the deposition rate of metal oxides 
(based on metal chloride addition rate) and the specific populations of the bed 
material and of the seed material being known, one can calculate the rate at which 
seed particles should be added to control particle size of the bed. 

Specific population is defined herein to be the calculated number of 
particles per kilogram of a given particle size distribution assuming that only 
particles larger than 50 microns are counted. (Particles less than about 50 microns 
are not likely to be effective in seeding.) Specific population can be related to 
particle size by use of a "normal distribution". Normal distribution is defined 
herein as a distribution of weights evenly distributed about a mean size. The 
breadth of the normal distribution is determined by standard deviation. For use in 
this invention, the standard deviation for bed distribution is 40 microns and the 
standard deviation for the seed distribution is 5 microns. 

Specific Population is calculated by the following procedure. 

1 ) Obtain a representative sample of the solid of interest, for example, 
the bed material or the seed material. 

2) Weigh the solid sample. 

3) If not known, measure the particle density of the sample. The 
particle density is the density of an individual particle. (In 
pyrohydrolysis, the particle density is usually well known.) 

4) Measure the particle size distribution of the sample. This can be 



done by any of a number of methods, the most common of which is 
to use a series of screens. The result of this measurement is a listing 
of mass fractions of particles, x i5 as a function of particle size, DPj. 
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5) Calculate the specific population (SP) of the sample in the following 
manner- 

sp = I (3) 

where 

5 Xj = mass fraction of solids in size i 

rc = 3.1415 

DP, = particle size of solids in size i [meters] 

pi = density of particles in size i [kg/m 3 ] 

I = summation of particles larger than 50 microns (i > 50) 

10 Equation 3 applies to spherical particles (volume of a sphere = n D 3 /6, D = 

diameter of the sphere). If the particles are angular, a shape factor can be added to 
the denominator. Typically in pyrohydrolysis, the particles are round and have 
very low porosity. The standard equation above is generally sufficient without 
any modifications. 



15 Process to Maintain Constant Particle Size of Bed 

1) Withdraw a solid representative sample from the fluid bed reactor. 
Calculate the specific population of the bed material in the manner 
shown above. 

2) Obtain a representative sample of the seed material. Calculate the 
20 specific population of the seed material in the manner shown above. 

3) Obtain the addition rate of metal chlorides and the composition of 
the metal chlorides. 

4) Calculate the mass of metal oxides that will be produced from the 
addition rate of metal chlorides by assuming oxidation of these 

25 metal chlorides to their highest oxidation state. This is metal oxide 

deposition rate. 

5) Solve equation 1 to determine the rate at which seed particles 
should be added. 
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Process to Increase Particle Size of Bed 

1) Select a target size particle size distribution of the bed material. In 
this case it will be larger than the current size contained in the bed. 
Calculate the specific population associated with the new target size 

5 distribution. Alternatively, the target specific population of the bed 

material can be selected from the desired operating region shown in 
Figure 1 . 

2) Obtain a representative sample of the seed material. Calculate the 
specific population of the seed material in the manner shown above. 

1 0 (Note that a bed sample is not needed in this case.) 

3) Obtain the addition rate of metal chlorides and the composition of 
the metal chlorides. 

4) Calculate the mass of metal oxides that will be produced from the 
addition rate of metal chlorides by assuming oxidation of these 

15 metal chlorides to their highest oxidation state. This is metal oxide 

deposition rate. 

5) Solve equation 1 using the target bed material specific population 
and the seed material specific population, solving for the rate at 
which seed particles should be added. 

20 Process to Decrease Particle Size of Bed 

1) Select a target size particle size distribution of the bed material. In 
this case it will be smaller than the current size contained in the bed. 
Calculate the specific population associated with the new target size 
distribution. Alternatively, the target specific population of the bed 

25 can be selected from the desired operating region shown in Figure 1 . 

2) Obtain a representative sample of the seed material. Calculate the 
specific population of the seed material in the manner shown above. 
(Note that a bed sample is not needed in this case.) 

3) Obtain the addition rate of metal chlorides and the composition of 
30 the metal chlorides. 
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4) Calculate the mass of metal oxides that will be produced from the 
addition rate of metal chlorides by assuming oxidation of these 
metal chlorides to their highest oxidation state. This is metal oxide 
deposition rate. 

5 5) Solve equation 1 using the target bed material specific population 

and the seed material specific population, solving for the rate at 
which seed particles should be added. 

Process to Correct an Over-Seeded Bed 

An over-seeded bed is characterized by bed particle size that is decreasing over 
10 time and may be characterized by high blowover rates of fine material into the 
cyclone. 

1) Select a target size particle size distribution of the bed material. In 
this case it will be larger than the current size contained in the bed. 
Calculate the specific population associated with the new target size 

15 distribution. Alternatively, the target specific population of the bed 

can be selected from the desired operating region shown in Figure 1 . 

2) Obtain a representative sample of the seed material. Calculate the 
specific population of the seed material in the manner shown above. 

3) Obtain the addition rate of metal chlorides and the composition of 
20 the metal chlorides. 

4) Calculate the mass of metal oxides that will be produced from the 
addition rate of metal chlorides by assuming oxidation of these 
metal chlorides to their highest oxidation state. This is metal oxide 
deposition rate. 

25 5) Solve equation 1 using the target bed material specific population 

and the seed material specific population, solving for the rate at 
which seed particles should be added. Decrease the rate of seed 
addition to the desired value. An alternative to decreasing the seed 
addition rate is to increase the rate of metal chlorides being fed to . 
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the bed to the point where Equation 1 is satisfied for the desired bed 
material specific population. 



Process to Correct an Under-Seeded Bed 

An under-seeded bed is characterized by bed particle size that is 
5 significantly increasing over time. 

1) Select a target size particle size distribution of the bed material. In 
this case it will be typically be smaller than the current size 
contained in the bed. Calculate the specific population associated 
with the new target size distribution of the bed material. 

10 Alternatively, the target specific population of the bed material can 

be selected from the desired operating region shown in Figure 1 . 

2) Obtain a representative sample of the seed material. Calculate the 
specific population of the seed material in the manner shown above. 

3) Obtain the addition rate of metal chlorides and the composition of 
1 5 the metal chlorides. 

4) Calculate the mass of metal oxides that will be produced from the 
addition rate of metal chlorides by assuming oxidation of these 
metal chlorides to their highest oxidation state. This is metal oxide 
deposition rate. 

20 5) Solve equation 1 using the target bed material specific population 

and the seed material specific population, solving for the rate at 
which seed particles should be added. Increase the rate of seed 
addition to the desired value. An alternative to increasing the seed 
addition rate is to decrease the rate of metal chlorides being fed to 

25 the bed to the point where Equation 1 is satisfied for the desired bed 

material specific population. 
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COMPARATIVE EXAMPLE A 

A fluid bed reaction vessel was charged with a bed material having a 
particle size distribution as shown in the Table below. Using equation 3, the 
specific population of this starting bed material was calculated to be 6.82 x 10 7 

5 particles per kilogram. The particle size distribution of the seed material is also 
included in the Table. The specific population of the seed material was calculated 
using equation 3 to be 9.76 x 10 8 particles per kilogram. The particle densities of 
the bed material and the seed material were both 5200 kg/m 3 . The metal oxide 
deposition rate was determined to be 430 kg/hr, based on a metal chloride feed of 

10 known composition comprising ferrous chloride. The addition rate of the seed 
material was 0.5 kg/hr. 

TABLE 



Particle Size 
(microns) 


Bed Material 
Mass Fraction 
(Weight %) 


Seed Material 
Mass Fraction 
(Weight %) 


27 


0.00 


0.0 


38 


0.00 


3.0 


53 


0.30 


17.0 1 


75 


1.58 


56.0 


106 


5.26 


22.0 


150 


15.53 


1.0 


212 


22.18 


1.0 


300 


33.27 


0.0 


420 


15.27 


0.0 


595 


5.59 


0.0 


841 


1.02 


0.0 


1200 


0.00 


0.0 


2000 


0.00 


0.0 



It was found that at this addition rate, the bed continued to grow and 
eventually produced a "red dust" event. Subsequent to the red dust event, using 
15 equation 1 , it was determined that this addition rate of seed material was too low 
so the system moved toward operation outside of the operating window illustrated 
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in Figure 1. Equation 1 was then used to calculate the addition rate of seed 
material to maintain the bed at the specific population of the starting bed material. 
This rate was approximately 32.3 kg/hr. 



material (9.76 x 10 8 particles per kilogram), starting bed material and metal oxide 
deposition rate as above. The seed addition rate was selected to be 7.3 kg/hr using 
equation 1 , to allow for a slight increase in the particle size distribution of the bed 
material while still keeping within the operating window of Figure 1. This seed 
10 material addition rate resulted in a specific population of 1 .63 x 1 0 7 particles/kg 
for the bed material at steady state. This specific population corresponded to a 
normal distribution of particles around a mean of 300 microns with a standard 
deviation of 40. 



EXAMPLE 



5 



The process of Comparative Example A was repeated using the same seed 
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THE FOLLOWING IS CLAIMED 

1 . In a process for pyrohydrolysis of metal chlorides in a fluid bed reactor 
comprising particulate bed material, to form hydrogen chloride (HC1), metal 
oxides which deposit on the bed material, and fine particulate metal oxides which 
5 are exhausted from the reactor, wherein the fine particulate metal oxides are 
collected and recycled to the reactor, the improvement comprising the steps of: 

(a) selecting a target specific population of the bed material, wherein 
the target specific population is within the range of 7.60 x 10 7 to 
1.77 x 10 6 particles per kilogram; 

(b) selecting a metal chloride addition rate to the reactor; 

(c) determining rate at which the metal oxides deposit on the bed 
material, based on the metal chloride addition rate; and 

(d) adding a seed material to the bed wherein the seed material has a 
specific population of not less than 1.40 x 10 7 particles per 
kilogram, and wherein the seed addition rate is defined by 

BSP 



SR = DR 



(SSP - BSP) 



wherein SR = seed addition rate, DR = metal oxide deposition rate, 
BSP = specific population of the greater than 50 micron bed 
material, and SSP = specific population of the greater than 50 

> micron seed material, 

whereby the specific population of the bed is controlled within the range of about 
7.60 x 10 7 to about 1.77 x 10 6 . 

2. The process of claim 1 wherein an added step comprises determining 
the current specific population of the bed material, and wherein the target specific 

> population is less than the current specific population such that the particle size of 
the bed material is increased. 

3. The process of claim 1 wherein an added step comprises determining 
the current specific population of the bed material, and wherein the target specific 
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population is greater than the current specific population such that the particle size 
of the bed material is decreased. 

4. The process of claim 1 wherein the process is used to correct an over- 
seeded bed wherein the particle size of the bed material is decreasing over time. 

5 5. The process of claim 1 wherein the process is used to correct an under- 

seeded bed wherein the particle size of the bed material is increasing over time. 

6. The process of claims 1-5 wherein the average particle size of the seed 
material is 50 to 300 microns. 

7. The process of claim 6 wherein the average particle size of the seed 
1 0 material is 50 to 1 80 microns. 

8. The process of claims 1-7 wherein the metal chlorides comprise pickle 

liquor. 

9. The process of claims 1-7 wherein the metal chlorides comprise 
byproducts from a process to chlorinate titanium bearing materials. 

15 10. The process of claim 9 wherein the metal chlorides comprise 

particulate coke. 

1 1 . The process of claims 1 -7 wherein the seed material comprises iron 
oxide, silica, titanium dioxide, zircon sand, zirconia, silicates, mineral sands, 
alumina, slag materials from steel mills, and mixtures thereof. 

20 12. The process of claim 9 or 10 wherein the metal chlorides comprise 

inert solids and wherein the inert solids act as seed material. 



-21 - 



WO 99/61370 



PCT/US99/11551 



1/1 



o2 n 

h- O 
LJ O < 

uj o. cr 

CO LU 
Q 




interIwonal search report 



Inter-^Hat Application No 

PC, US 99/11551 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C01B13/22 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C01B C01G 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GB 866 363 A (LAPORTE TITANIUM LIMITED) 

26 April 1961 (1961-04-26) 

page 1, line 12 -page 4, line 25 

GB 971 747 A (LAPORTE TITANIUM LIMITED) 
7 October 1964 (1964-10-07) 
claim 1 

GB 991 318 A (BRITISH TITAN PRODUCTS 
COMPANY LIMITED) 5 May 1965 (1965-05-05) 
page 1, line 27 -page 4, line 96 

GB 1 056 293 A (BRITISH TITAN PRODUCTS 

COMPANY LIMITED) 

page 3, line 9 - line 106 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

T" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the international search 



21 September 1999 



Date of mailing of the international search report 



01/10/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: {+31 -70) 340-3016 



Authorized officer 



Clement, J-P 



Form PCT/lSA/210 (second sheet) (July 1992) 



interwtional search report 

* if nrmatinn on oatent familv members 

11 UF llldllwll Ull f*ti|tl«y IMVNIUVW 


Inte^^tal Application No 

PC, /US 99/11551 


• 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 




GB 866363 A 




NONE 







GB 971747 



DE 
NL 
NL 
US 



1177114 B 
130623 C 
261603 A 

3148027 A 



08-09-1964 



GB 991318 



BE 
BE 
DE 
0E 
FI 
FR 
FR 
GB 
NL 
NL 
NL 
US 
US 



672781 A 
627783 A 
1266278 B 
1294938 B 
42071 B 
89766 
1355624 
1064569 
134895 
288332 
6515385 
3463610 
3531247 



24-05-1966 



02-02-1970 
29-11-1967 
19-06-1964 



31-05-1966 
26-08-1969 
29-09-1970 



GB 1056293 A BE 661202 A 16-09-1965 

0E 1249225 B 

FR 1432004 A 03-06-1966 

NL 6503408 A 20-09-1965 

US 3385665 A 28-05-1968 



Foim PCT/ISA/210 (patent family annex) (July 1992) 



